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Brilliant greenAbstract The study considered the preparation and catalytic properties of the TiO2 particles sup-
ported on Date Stones Activated Carbon (TiO2/DSAC) and Polyvinyl Alcohol (TiO2/PVA). The
prepared samples were characterized by different techniques. The photocatalyst obtained from
DSAC support is better than the PVA one in a comparison of the physico-chemical properties,
and was also conﬁrmed by the photocatalytic degradation of Brilliant green (BG). The analysis
results show that the TiO2 particles were well dispersed in the DSAC surface and the size of the
resulting TiO2 crystallites reaches 18 nm. The 24.7 wt% of TiO2 were deposited on the activated
carbon whereas 18.5 wt% were agglomerated on the PVA surface. It was concluded that the higher
photocatalytic activity in TiO2/DSAC was due to parameters such as content of carbon, percentage
of anatase, number of hydroxyl groups and surface area of the catalyst.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Advanced oxidation processes are useful adjuncts to conven-
tional techniques such as, ﬂocculation (Grcˆı´c et al., 2015), pre-
cipitation (Mahmoodi, 2011), adsorption on activated carbon
(Wang et al., 2014a,b; Omri and Benzina, 2014; Omri et al.,
2013a,b, 2012; Yang et al., 2015), reverse osmosis (Choi andChung, 2015; Joo, 2014), the combustion and the aerobic bio-
logical oxidation (Punzi et al., 2015). These techniques may
transfer the pollutant from the aqueous phase to a second
phase without destroying them. The majority of the previous
works were performed with photo-Fenton processes (Li
et al., 2015a,b), ozonation/UV and a TiO2 suspension (Mano
et al., 2015; Baran et al., 2003). The use of TiO2 as a photocat-
alyst to degrade compounds has received special attention.
This technique is advantageous because it is inexpensive,
non-polluting and allows working pressure and room temper-
ature (Smits et al., 2013; Wang et al., 2012). It is common in
catalytic processes (and also in the photolysis using crystalline
TiO2) that dispersion of catalyst remains in a straight relation
with its catalytic efﬁciency. For that reason, ﬁner particles of
catalyst should exhibit a higher activity in catalytic processes.pared by
Table 1 Textural and structural properties of the samples.
Sample
DSAC TiO2/DSAC TiO2/PVA
SBET (m
2/g) 1044 670 148
Total pore volume (cm3/g) 0.76 0.54 0.16
Pore diameter (nm) 2.19 5.2 3.3
Crystallite size, D (nm) – 22 18
Anatase content, A (%) – 95 74
TiO2 (wt%) – 24.7 18.5
C (wt%) 74.25 38.2 12
2 A. Omri, M. BenzinaHence, to obtain a proper dispersion of a catalyst, a great
attention should be paid to the preparation conditions. To
increase the photocatalytic activity, much recent work has
focused on the use of supports. Several catalytic supports
consist of carbonaceous materials (activated carbon (Omri
et al., 2015, 2014), nanotubes (Bessegato et al., 2015), carbon
nanoﬁbers (Motlak et al., 2015)), a large number of ceramic
materials (ceria (Furlani et al., 2014), zirconia (Shao et al.,
2014), alumina (Wang et al., 2014a,b), silica (Li et al., 2008),
perovskite (Ghiasi and Malekzadeh, 2014), silicon carbide
(Wu et al., 2015)) but also to composite materials comprising
a host matrix in which the nanostructures are associated. At
present, the most often used supports in industrial units are
still mainly consisting of alumina extrudates (Erol and
O¨zbelge, 2008), silica (Cheshmeh Soltani et al., 2013), activated
carbon or zeolites (Omri et al., 2015; Wang et al., 2008). TiO2
supported on porous activated carbon increases its adsorption
capacity of organic compounds (Meltem and Sadiye, 2012).
Activated carbon is used mostly in industry for its large
adsorption capacity, fast adsorption kinetic and relative ease
of regeneration (Sheintuch and Matatov-Meytal, 1999). A
variety of carbonaceous raw materials are used for the produc-
tion of activated carbon such as almond shell (Omri and
Benzina, 2012a,b), Ziziphus spina-christi seeds (Omri and
Benzina, 2012a,b), coconut shell (Sunil et al., 2013), and date
stones (Foo and Hameed, 2011). In this study, we have used
of date stones to prepare the activated carbon. These seeds
of date palm are a waste product of many industries, after
technological transformation of the date fruits or their biolog-
ical transformation (Mrabet et al., 2015). They are suitable for
preparing activated carbon due to its excellent natural struc-
ture and low ash content (Bouchelta et al., 2008;
Bouchenafa-Saib et al, 2005).
The goal of this work was to elucidate the effect exerted by
the origin of carbon support on the amount of TiO2 deposited
for the photocatalytic degradation of Brilliant green (BG)
from aqueous solution. However, two carbon supports were
used: Activated Carbon prepared from Date Stones (DSAC)
and Polyvinyl Alcohol (PVA). The prepared photocatalysts
(TiO2/DSAC and TiO2/PVA) were subjected to instrumental
techniques in order to study its surface morphology, structural
and chemical properties.
2. Experimental
2.1. Materials
Activated Carbon (DSAC) was prepared from Tunisian Date
Stones. Date Stones were ﬁrst ground (<2 mm), dried over-
night and then pyrolyzed a cylindrical electric furnace under
inert atmosphere of nitrogen (ﬂow rate 100 cm3/min) at
850 C (heating rate 10 C/min) for 2 h, then immediately acti-
vated with steam/N2 for 1 h at the same temperature and left
to cool at room temperature under inert atmosphere. The tex-
tural properties of the DSAC are listed in Table 1. This mate-
rial was used as a catalytic support.
Polyvinyl Alcohol, PVA (average polymerization degree of
1750 ± 50 and degree of hydrolysis of 98%) obtained from
Sigma–Aldrich was used as a carbon precursor. This support
was selected thanks to their low cost, eco-friendly hydrophilic
polymer, revealed to be very attractive to immobilize TiO2 (Lei
et al., 2012).Please cite this article in press as: Omri, A., Benzina, M. Inﬂuence of the origin of ca
dip coating method. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016Titanium isopropoxide, (Ti (OPri)4, TTIP, Sigma–Aldrich,
purity: 97%) and commercial TiO2 (Degussa P25, Degussa
Chemical) were used as titanium source for the preparation
of photocatalysts.
Brilliant green (C27H34N2O4S) is used as a model cationic
dye for photocatalytic studies; it is chieﬂy used in modern tex-
tile industries. In our work, Brilliant green was purchased from
Sigma–Aldrich and used without further puriﬁcation.
A 10 mg/L Brilliant green solution was prepared through dis-
solving the BG powder in distilled water, and was immediately
used. The BG solution has a pH 6.5. The dye was employed to
investigate the photodegradation effect of the supported TiO2.
2.2. Synthesis of photocatalysts by dip coating method
2.2.1. TiO2/DSAC photocatalysts
A TiO2 sol was prepared using the same method as described
in our previous study (Omri et al., 2015). The sol was aged for
6 h at room temperature, and then was added drop by drop
onto a 5 g Activated Carbon (DSAC) to be adsorbed. Then,
it was dried at 80 C in an oven, ﬁnally, calcined at 600 C
for 2 h in a nitrogen atmosphere.
2.2.2. TiO2/PVA photocatalysts
Polyvinyl alcohol coating of TiO2 particles was performed
using the following protocol: Initially, Polyvinyl alcohol solu-
tion was prepared by adding 0.5 g of PVA powder in 50 ml of
distilled water and this mixture was magnetically stirred at
85 C for 2 h. After this, 0.5 g of TiO2 powder is added to
PVA solution (1:1 ratio) and stirred for 2 h followed by
repeated ultrasonication until homogeneous dispersion of the
solution was obtained. Precleaned glass substrates were dipped
into the homogeneously dispersed PVA–TiO2 solution for
deposition of nanocomposite by dip coating technique. The
synthesized photocatalysts are named TiO2/PVA.
2.3. Characterization of the samples
The prepared samples were characterized using powder XRD,
FT-IR, BET, Raman and SEM with EDX analysis. In order to
determine the crystal phase composition and the TiO2 crystal-
lite size in the photocatalysts, X-ray diffraction measurements
were carried out at room temperature using a X-ray diffrac-
tometer (Philips PW 1710 diffractometer, Cu Ka,
40 kV/40 mA, scanning rate of 2 h per min). The crystallite size
was calculated by X-ray line broadening analysis usingrbon support on the structure and properties of TiO2 nanoparticles prepared by
/j.arabjc.2015.06.027
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1997).
The morphology of the products was explored using scan-
ning electron microscope (SEM, Hitachi SU-70). The struc-
tural feature of these samples was observed at the
accelerated voltage of 1.0 kV. Before observation, the samples
were coated with gold in E-1010 Ion sputter. Energy dispersive
X-ray analysis (EDX) was employed for the quantitative deter-
mination of TiO2 contained in the carbon matrix. This was
determined using Hitachi SU-70, SEM equipped with a micro-
analysis system EDX (Oxford X-Max 50 mm2).
The distribution of TiO2 nanoparticles in the photocata-
lysts was characterized by transmission electron microscopy
(TEM, FEI, Tecnai G20).
The surface functional groups were studied by FTIR spec-
troscopy. The FTIR spectra of the prepared materials were
recorded between 500 and 4000 cm1 in a NICOET spectrom-
eter. The transmission spectra of the samples were recorded
using the KBr pallet containing 0.1% of the sample.
Nitrogen adsorption–desorption isotherms were measured
at 196 C on a Fisons Sorptomatic 1990 after out gassing
(105 Pa) for 24 h at ambient temperature. The speciﬁc surface
area, SBET, was determined according to the Brunauer–
Emmet–Teller (BET) equation, Dubinin’s theory, the compar-
ison plot, and the DFT method (Stoeckli, 1995). The total sur-
face area was estimated from the average values obtained using
the Dubinin–Radushkevich theory, comparison plot and DFT
methods.
The Raman spectra were studied (RM100 Confocal Raman
Microscope, Renishaw) with argon ion laser excitation at
k0 = 514.5 nm and a laser power at the sample of 4 mW
focused on the sample by a 50 ·N-plan objective lens.
2.4. Photo reactor system and experimental procedures
Experiments were carried out using a cylindrical batch pho-
toreactor opened at air, 8 cm in diameter and 12 cm in working
height, the water jacket has a diameter of 5 cm contains the
UV-lamp and permits the water circulation (Fig. 1). The pho-
toreactor was recovered inside with (11 cm · 25 cm) of the
photocatalyst and was exposed to a luminous source com-
posed of a HPK Philips UV-lamp (125 W), placed in axial
position inside the water jacket. The required amount of pho-
tocatalyst was mixed in 200 mL of a BG solution. Before irra-
diation, the suspensions were stirred under dark conditions for
30 min. During the photocatalytic tests, the shaking of the sus-
pensions was controlled to ensure that the suspension wasFigure 1 Photocatalytic reactor system.
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was sampled, and ﬁltered through the Millipore syringe ﬁlter
(size = 0.45 lm). The absorbance of ﬁltrates was then ana-
lyzed on a UV–visible spectrophotometer (UV-1650PC
Shimadzu, Japan) at its maximum wavelength of 624 nm, to
determine the residual concentration. The percentage of degra-
dation of BG was calculated from the following equation:
Percentage of degradation ð%Þ ¼ C0  Cr
C0
 100 ð1Þ
where C0 and Cr are the concentrations of initial and residual
BG respectively.
3. Results and discussion
3.1. Speciﬁc surface areas and deposited TiO2 amount of the
photocatalysts
The adsorption–desorption isotherms and the inset corre-
sponding pore size distribution proﬁle for the prepared sam-
ples were given in Fig. 2. It can be observed in the isotherms
that the DSAC has a wider knee and a higher N2 adsorption
capacity than the photocatalysts (TiO2/DSAC and
TiO2/PVA). These isotherms exhibit a typical IUPAC type
IV with a hysteresis loop at high relative pressure of
P/P0 = 0.5–1.0, thus indicating the presence of mesopores
(Li et al., 2012; Yu et al., 2006). In addition, the pore size dis-
tribution proﬁle shows that the TiO2/DSAC owns more micro-
pores and mesopores than the other samples. As shown in
Table 1, the speciﬁc surface areas (SBET) of the photocatalysts
decrease with the signiﬁcant content of TiO2, indicating that
TiO2 coverage of pore becomes higher reﬂecting the important
absorbed amount of titanium during the preparation.
The concentration of TiO2 in the photocatalysts was clearly
identiﬁed from EDX. In particular, the TiO2/DSAC had the
highest titania concentration of 24.7 wt.%, that is attributedFigure 2 N2 adsorption–desorption isotherms and the inset
corresponding pore size distributions for the DSAC, TiO2/DSAC
and TiO2/PVA samples.
rbon support on the structure and properties of TiO2 nanoparticles prepared by
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4 A. Omri, M. Benzinato the signiﬁcant quantity of carbon which supports the tita-
nium (38.2 wt.%). The EDX analysis shown in Fig. 3, indicates
qualitatively the presence of TiO2 on the photocatalysts sur-
face, also the existence of certain elements, such as Si, Mg,
P, S, K, which are constituents of mineral compositions of
the activated carbon used.Figure 4 XRD patterns of DSAC, TiO2/DSAC and TiO2/PVA
samples.3.2. X-ray diffraction (XRD) analysis
X-ray diffraction (XRD) patterns of DSAC, TiO2/DSAC and
TiO2/PVA catalysts are shown in Fig. 4. The two broad peaks
of the DSAC sample indicate that this sample is not very crys-
tallized, which is a typical characteristic of the activated car-
bon. The peak at 2 h= 22 corresponds to reﬂexions in the
(002) plane, whereas the peak at 2 h= 43 corresponds to
the (100) plane (Wang et al., 2011). The pattern for
TiO2/DSAC shows the diffraction peaks at 2 h values of
25.3, 37.75, 48, 53.8 and 54.9. They are assigned to
(101), (004), (200), (105) and (211) reﬂections of anatase
phase of TiO2 (JCPDS No. 21-1272). Both peaks at 2 h values
of 27.4 and 36.1 are characteristic of the TiO2-rutile phase
(JCPDS No. 21-1272). The XRD patterns of TiO2/PVA cata-
lysts showed three small crystalline characteristic peaks at 2
h= 25, 38 and 47 corresponding to (101), (004) and
(200) planes indicating the crystal planes of anatase phase
(Lu et al., 2007; Pourjafar et al., 2012). The absence of any
intense peaks throughout the spectrum of the composite
TiO2/PVA indicated the predominantly amorphous nature of
the structure (Kanarlou and Raﬁzadeh, 2011).
The relative content of anatase and rutile, as listed in
Table 1, is estimated using the Spurr–Myers equation (2)
(Spurr and Myers, 1957):
ðAÞ % ¼ IA
IA þ 1:265IR  100 ð2Þ
where A (%) is the relative content of anatase, IA and IR are
the intensities of the anatase (101) peak at 2 h= 25.3 andFigure 3 EDX diagrams of naked PVC, TiO2/DSAC and
TiO2/PVA photocatalysts.
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The anatase content of samples is equal to 95% and 74%
for TiO2/DSAC and TiO2/PVA, respectively. These values
show that the anatase is highly predominant in all samples.
The main active crystal phases of TiO2 are anatase and rutile.
Among the two phases, anatase is typically more active (Kim
and Ehrman, 2009). According to Ambrus et al. (2008), photo-
catalyst containing anatase phase is more efﬁcient than rutile-
only catalyst. This also suggests that the catalyst TiO2/DSAC
with >90% anatase shows improved photocatalyst activity.
Based on the XRD results, the average crystal size of TiO2
was calculated using the Debye–Scherrer equation (3):
D ¼ Kk
b cos h
ð3Þ
where D is the average crystallite size (nm), k is the wavelength
of the X-ray radiation (k= 0.1540 nm), K is the Scherrer con-
stant (K= 0.9), b is the full-width at half-maximum (FWHM)
of the (101) plane and h is the Bragg angle (rad) (Wang et al.,
2009a,b). The size of TiO2 crystallites is listed in Table 1 for all
the samples. The observed broad hump in the XRD pattern of
composite TiO2/PVA indicated the presence of crystallites of
low dimensions (Chopra, 1969).
3.3. Surface studies by microscopic techniques
SEM images of DSAC, TiO2/DSAC and TiO2/PVA are shown
in Fig. 5a–c. As shown in Fig. 5(a), the DSAC sample pre-
sents an irregular and highly porous surface. Fig. 5(b) shows
SEM micrograph where the presence of TiO2 particles depos-
ited on DSAC surface is observed with a good dispersity.
Compared with Fig. 5(b), TiO2 powders agglomerated on
the surface of the sample, indicating the poor dispersion of
TiO2 nanoparticles in PVA matrix (Fig. 5c).
The TEM images (Fig. 6a and b) of the prepared samples
showed the presence of TiO2 particles deposited on the exter-
nal surface of carbon. From Fig. 6a, the TiO2 forms a thin
layer surrounding and partially stabilizing the activated carbonrbon support on the structure and properties of TiO2 nanoparticles prepared by
/j.arabjc.2015.06.027
Figure 5 SEM images of DSAC (a), TiO2/DSAC (b) and
TiO2/PVA (c) samples.
Figure 6 TEM images of TiO2/DSAC (a) and TiO2/PVA
(b) samples.
Inﬂuence of the origin of carbon support on the structure and properties of TiO2 nanoparticles 5aggregates. In Fig. 6b, it is clear that TiO2 nanoparticles are
uniformly dispersed in PVA matrix and aggregations are
observed.
3.4. Fourier transform infrared spectroscopy (FT-IR)
The FT-IR spectra of DSAC, TiO2/DSAC and TiO2/PVA are
provided in Fig. 7. The peaks at 3400 cm1 and 1650 cm1Please cite this article in press as: Omri, A., Benzina, M. Inﬂuence of the origin of ca
dip coating method. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016were attributed to OH stretching and bending of water, respec-
tively. The peak observed at 2900 cm1 characterized the
vibration of C–H bond. For both photocatalysts, the band
at around 1060 cm1 was attributed to the vibration mode of
Ti–O bond (Liu et al., 2007). Also, the intensity of the broad
band between 500 and 800 cm1 characterizes the Ti–O–Ti
bond in the anatase phase (Foo and Hameed, 2010). The
results obtained from FT-IR analysis were in agreement with
those obtained from XRD analysis.
3.5. Raman spectroscopy
The Raman spectra of the prepared samples are displayed in
Fig. 8. For both composites, the identical spectra show a series
of ﬁve frequencies at 150.7, 201.4, 388.5, 505.4 and 629.2 cm1.
These frequencies are characteristic of anatase phase TiO2.
Two peaks at 1335.3 and 1590.5 cm1 were attributed to
(CH2) wagging bond and (OH) bending in the carbon samples
(Shadak Alee et al., 2013).
3.6. Photocatalytic activity
3.6.1. Mechanism of photodegradation
The mechanism of photocatalytic oxidation processes has been
extensively discussed in the literatures (Baek et al., 2013;rbon support on the structure and properties of TiO2 nanoparticles prepared by
/j.arabjc.2015.06.027
Figure 7 FTIR spectra of DSAC, TiO2/DSAC and TiO2/PVA
samples.
Figure 8 Raman spectra of DSAC, TiO2/DSAC and TiO2/PVA
samples.
6 A. Omri, M. BenzinaAhmed et al., 2011). When the photocatalyst is exposed to UV
radiation with light energy greater than its band gap energy
(3.2 eV), an electron (e) in the conduction band (CB) of the
semiconductor can be transferred to the valance band (VB),
remaining a positive hole (h+) in the valence band (Fig. 9).
TiO2 þ hm! hþðVBÞ þ eðCBÞ ð4Þ
Under light irradiation, reactive oxygen species, such as HO
and O2
 in the electron and hole are produced by H2O and
O2 on the surface of TiO2. The hydroxyl radicals (HO
), which
are most powerful oxidizing agent, can mineralize most of the
organic pollutants to smaller and less harmful species, eventu-
ally producing CO2, H2O, and other degradation products
through the various different paths (Ahmed et al., 2011).
hþðVBÞ þH2O! HO þHþ ð5ÞPlease cite this article in press as: Omri, A., Benzina, M. Inﬂuence of the origin of ca
dip coating method. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016hþðVBÞ þOH ! HO ð6Þ
e þ ðCBÞ þO2 ! O2 ð7Þ
HO þ organic polluants! intermediates! CO2 " þH2O
þ other degradation products ð8Þ
Fig. 9 depicts possible structure of TiO2/DSAC or TiO2/PVA
with adsorption capacity and photocatalytic activity. As men-
tioned in the previous section, a large amount of TiO2 will be
exposed on the surface of carbon. As a result, active site avail-
able on the surface of carbon will increase. This may also con-
tribute to the high photocatalytic activity of TiO2/DSAC or
TiO2/PVA. Thus, TiO2 supported on activated carbon will
degrade BG through photocatalytic oxidation process as men-
tioned above. HO will attack aromatic ring sites in organic
compounds and result in the formation of ring-opened prod-
ucts. Ring-opened products may contribute to decrease in
molecular size which may later yield CO2 and H2O and other
degradation products (Gang et al., 2011). The breaking down
of the benzene ring and subsequent mineralization leading to
CO2 and H2O could be visualized by the decrease in BG during
the photocatalytic process (Laura et al., 2010).
3.6.2. Effect of catalyst dosage
In the photocatalytic process, the determination of optimum
amount of photocatalyst is a very important parameter.
Experiments were carried by varying of the photocatalyst
dosage between 0.1 and 0.3 g/L for a 10 mg/L solution of
Brilliant green at 120 min under irradiation. Fig. 10 shows
the variation of percentage degradation of the dye depending
on the amount of TiO2/PVA and TiO2/DSAC. It can be
observed that percentage removal increases proportionally
with the catalyst dose to a tray indicating a progressive satura-
tion of the photon absorption for a given incident ﬂux. The
dose of TiO2/DSAC, most effective, is not the same for the
TiO2/PVA. The minimum dosage that provides the best
photoefﬁciency of decomposition is 0.25 g/L and 0.2 g/L of
TiO2/PVA and TiO2/DSAC respectively. This result is in cor-
relation with the physico-chemical properties of materials,
such as the anatase content in this sample is slightly higher
(95%) than in both other TiO2/PVA samples (84%).
3.6.3. Effect of irradiation time
Experiments of BG degradation in the presence of optimum
dosage of photocatalyst were performed. The results obtained
are summarized in Fig. 11. Under dark conditions, adsorption
yield, the catalyst activity depends on the carbon mass ratio.
Under UV illumination, it is observed that the time required
to degrade a solution concentration of 10 mg/l is more impor-
tant in the case of the TiO2/DSAC photocatalyst than in the
TiO2/PVA. The removal of BG using TiO2/PVA reached
90.23% after 135 min irradiation time. By against for
TiO2/DSAC, the removal of this dye reached 95.75% after
90 min irradiation time. This is also in agreement with the fact
that surface area which is higher for the TiO2/DSAC and the
signiﬁcant percentage of carbon presented like support. The
direct photolysis without solids could be neglected with less
than 4% of conversion after 135 min of UV-irradiation.
The UV–Visible spectra of Brilliant green dye solutions
after different intervals of photodegradation in the presencerbon support on the structure and properties of TiO2 nanoparticles prepared by
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Figure 9 Mechanism of photocatalytic degradation of Brilliant green.
Figure 10 Effect of catalyst dosage on photocatalytic degrada-
tion of BG in the presence of TiO2/DSAC and TiO2/PVA.
Figure 11 Effect of irradiation time on photocatalytic degrada-
tion of BG.
Figure 12 UV–Vis absorption spectra of Brilliant green solution
in the presence of TiO2/DSAC at different time.
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intensity of the bands at 624 nm reveals their removal by
photodegradation.
3.6.4. Effect of cleaning under O2/UV
O2/UV is an effective method for removing a variety of con-
taminants from various surfaces. It is a simple-to-use dry pro-
cess which is inexpensive to set up and operate. It can produce
near-atomically clean surfaces in a vacuum system. Cleaning
was performed on the TiO2/DSAC photocatalyst only after
use. With a well cleaned surface, decomposition of Brilliant
green starts 15 min earlier than non-cleaned surface, as shown
by the results of the comparative study presented in Fig. 13.
This lag matches to time required to destroy the adsorbed
impurities on the surface before starting the decomposition
of Brilliant green. The percentage of BG photodegradation
by treated TiO2/DSAC reaches 89%.
3.6.5. Kinetic degradation analysis
Several experimental results suggest that the rates of photocat-
alytic oxidation of various contaminants over illuminated TiO2rbon support on the structure and properties of TiO2 nanoparticles prepared by
/j.arabjc.2015.06.027
Table 2 Apparent ﬁrst-order rate constants (kapp) for the
different photocatalysts.
Photocatalyst kapp (min
1) Correlation coeﬃcient, R2
TiO2/DSAC 0.023 0.992
TiO2/PVA 0.017 0.981
Figure 14 BG degradation by repeated use of the prepared
photocatalysts.
Figure 13 Effect of cleaning under O2/UV on photocatalytic
activity of TiO2/DSAC.
8 A. Omri, M. Benzinaoccur via pseudo-ﬁrst-order kinetics (Le et al., 2012; Li et al.,
2015a,b).
ln
C0
Ct
 
¼ kappt ð9Þ
where C0 is the initial concentration of Brilliant green, Ct is the
concentration of this dye at illumination time t and kapp is the
apparent rate constant of the ﬁrst-order reaction (min1). A
plot of ln(C0/Ct) versus time represents a straight line, the
slope equals the apparent ﬁrst-order rate constant kapp.
Table 2 lists the apparent ﬁrst-order rate constants (kapp) for
different photocatalysts, which were calculated from Fig. 10.
kapp has been used as a comparison parameter because it is
independent of the concentration used. The degradation rate
of Brilliant green by the TiO2/DSAC photocatalyst is higher
than the other correlation coefﬁcient. These results show that
the prepared DSAC was a good support for TiO2.
3.7. Stability and reusability of prepared photocatalysts
In order to test the feasibility of cyclic use of prepared photo-
catalysts, three cycles of photocatalytic degradation of
Brilliant green were carried out as shown in Fig. 14. The stabil-
ity of photocatalysts was investigated in optimal condition in
this study. The BG removal efﬁciency during photocatalytic
degradation by TiO2/DSAC decreased slightly as recycling
number of runs increase. At the second cycles, 84% of the ini-
tial BG was degraded by TiO2/DSAC. The efﬁciency of BGPlease cite this article in press as: Omri, A., Benzina, M. Inﬂuence of the origin of ca
dip coating method. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016removal in the third cycles was similar to that of the second
cycles. The results indicate that cyclic usage of these nanocom-
posites is feasible with satisfactory stability in treating organic
compounds. That is, continuous photocatalytic degradation
may well be realized.
3.8. Comparison of degradation percentages of Brilliant green
dye with literature
Table 3 compares the results obtained in terms of photodegra-
dation of Brilliant green, in the presence of the photocatalyst
presented in this work, to other previously published results
considering TiO2 based catalysts. As it can be seen, the
obtained maximum BG degradation by prepared composites
was more favorable than those of other catalysts. The high efﬁ-
ciency of our system was related to the choice of preparation
method and the nature of catalytic support.
4. Conclusions
Two types of photocatalysts were synthesized by dip coating
method using the date stones activated carbon and polyvinyl
alcohol as support. This study has revealed that the origin of
carbon support affects the formation and state of supported
TiO2. The prepared photocatalysts have demonstrated the por-
ous structure, as determined from N2 adsorption isotherms at
77 K. The XRD and Raman spectrum demonstrated that the
deposited TiO2 adhered to carbon support so that it increased
the stability of titanium crystallites. Scanning electron micro-
scopy has revealed the uniform distribution of TiO2 over the
activated carbon and agglomerated particles over the polymer.
Analysis showed that the TiO2 deposited amount is related to
the percentage of carbon involved. The kinetics of the Brilliant
green degradation in aqueous solution by the synthesized pho-
tocatalysts ﬁt well a pseudo-ﬁrst order kinetic. The photoactiv-
ity of TiO2/DSAC composites is better than of TiO2/PVA,
possible because active carbon produces high concentration
of Brilliant green near TiO2 for its photocatalysis. Therbon support on the structure and properties of TiO2 nanoparticles prepared by
/j.arabjc.2015.06.027
Table 3 Comparison of degradation percentages of Brilliant green dye with literature.
Catalyst preparation method Brilliant green conc.
(mol/L)
Catalyst dose
(g/L)
Highest degradation (%), time Ref.
Sr–TiO2, Ultrasonic–hydrothermal method 5.17 · 105 0.5 96%, 60 min Sood et al. (2015)
Degussa P-25 2 · 103 0.5 95.5%, 8 h Chen et al. (2008)
TiO2/PVDF, Dry cast method 4.14 · 105 2.5 90%, 10 h Alaoui et al. (2011)
TiO2–SiO2, Solvent EISA method 2.5 · 105 1 98%, 70 min Dong et al. (2012)
TiO2 nanoparticles, Sol–Gel method 4 · 105 0.4 93.6%, 120 min Li et al. (2007)
TiO2/Cu 8 · 106 3 44%, 180 min Munusamy et al. (2013)
TiO2/Zn 8 · 106 1 70%, 180 min Munusamy et al. (2013)
TiO2/DSAC, Dip coating method 2 · 105 0.2 96%, 90 min This study
TiO2/PVA, Dip coating method 2 · 105 0.25 90%, 135 min This study
Inﬂuence of the origin of carbon support on the structure and properties of TiO2 nanoparticles 9prepared nanocomposites still had good photocatalytic activity
after three cycles and TiO2 did not leach into the solution dur-
ing photocatalytic reaction of Brilliant green.
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